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Booming Age of 
Heterogeneous Information Networks 
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Hybrid Collaborative Filtering with Networks 
• Utilizing network relationship information can 

enhance the recommendation quality 

• However, most of the previous studies only use 
single type of relationship between users or items 
(e.g., social network Ma,WSDM’11, trust relationship 
Ester, KDD’10, service membership Yuan, RecSys’11) 
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The Heterogeneous Information 
Network View of Recommender System 
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Relationship heterogeneity alleviates data sparsity 
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Collaborative filtering methods suffer from data sparsity issue 

• Heterogeneous relationships complement each other 

• Users and items with limited feedback can be connected to the 

network by different types of paths 

• Connect new users or items (cold start) in the information 

network 



Relationship heterogeneity based personalized 
recommendation models 
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Different users may have different behaviors or preferences 

Aliens 

James Cameron fan 

80s Sci-fi fan 
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Different users may be 
interested in the same 
movie for different reasons 

Two levels of personalization 
Data level 
• Most recommendation methods use 

one model for all users and rely on 

personal feedback to achieve 

personalization 

Model level 
• With different entity relationships, we 

can learn personalized models for 

different users to further distinguish 

their differences 



Preference Propagation-Based Latent Features 
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L 
user-cluster similarity 

Recommendation Models 
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Observation 1: Different meta-paths may have different importance 

Global Recommendation Model 

Personalized Recommendation Model 

Observation 2: Different users may require different models 

ranking score 

the q-th meta-path 

features for user i and item j 

c total soft user clusters 

(1) 

(2) 



Parameter Estimation 
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• Bayesian personalized ranking (Rendle UAI’09) 

• Objective function 

 

 

 

min
Θ

  

sigmoid function 

for each correctly ranked item pair 
i.e., 𝑢𝑖  gave feedback to 𝑒𝑎  but not 𝑒𝑏 

Soft cluster users 
with NMF + k-means 

For each user 
cluster, learn one 
model with Eq. (3) 

Generate 
personalized model 
for each user on the 

fly with Eq. (2) 

(3) 

Learning Personalized Recommendation Model 



Experiment Setup 
• Datasets 

 

 

 

• Comparison methods: 
• Popularity: recommend the most popular items to users 

• Co-click: conditional probabilities between items 

• NMF: non-negative matrix factorization on user 
feedback 

• Hybrid-SVM: use Rank-SVM with plain features (utilize 
both user feedback and information network) 
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Performance Comparison 
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HeteRec personalized recommendation (HeteRec-p) 
provides the best recommendation results 



Performance under Different Scenarios 
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HeteRec–p consistently outperform other methods in different scenarios 
better recommendation results if users provide more feedback 
better recommendation for users who like less popular items 

p p 

user 



Contributions 
• Propose latent representations for users and items 

by propagating user preferences along different 
meta-paths  

• Employ Bayesian ranking optimization technique to 
correctly evaluate recommendation models 

• Further improve recommendation quality by 
considering user differences at model level and 
define personalized recommendation models 
• Two levels of personalization 
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